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VARIATION  OF  CANDLE  POWER  OP  THE  ALTERNATING 
CUREENT  ARC  WITH  CURRENT  AND  E.  M.  P.  WAVE  FORMS. 

The  instantaneous  oandle  power  of  an  alternating 
current  arc  varies  'vith  the  wave  fona  of  the  impressed 
voltage.  It  is  the  purpose  of  this  thesis  to  determine 
the  wave  form  Thich  will  give  the  best  efficiency, 
and  to  determine  the  amount  of  variation  of  candle 
power  with  the  various  wave  forms. 

There  gjre  three  general  forms  of  E.  M.  P.  waves, — 
sinusoidal,  flat  topped  and  pealced.  Theoretically  the 
flatter  the  wave  form  the  less  the  variation  of  oandle 
power,  since,  neglecting  direction,  which  is  of  no 
importance  so  far  as  the  arc  is  concerned,  the  instantan- 
eous ourrent  values,  upon  which  the  instantaneous 
oandle  powejf  values  depend,  are  more  nearly  constant 
and  equal  to  the  average  value  with  the  flatter  wave 
than  with  the  more  peaked  form.  Hence  the  commercial 
machine  for  an  arc  lighting  circuit  alone  should 
theoretically  be  one  giving  a  flat  topped  wave,  as 
the  light  emitted  would  be  less  fatigueing  to  the  eye. 
This  is  of  special  importance  with  low  frequencies. 
From  the  electrical  standpoint,  however,  the  more  peaked 
forms  are  preferable,  so  that  if  the  same  machine  is 


JE>oe8»rc(TrT±  orl^  try  crrol  ?v  J-ruv  ctfi  icv^VTuti 

d.-it'iTO^sf)  oj  clGr:':-  n'^rfi^  '^c  s««><;ii/>        *t  f^t  J-I     ,ojif?*Iov 

,voiTeioi'*.  ."r-^  -It'  .^o'i  Old-.?  oii 

on  ^c  F-^  rfr^r."    .r./-!  ri.Uoelson  ,©cr:Jte    , 

.    vlT-.'^::     'foni  f^rrs  .L-^i'-v    nrrlp-v  ^'"r"  rf"-r^r 

f>ver  rre^iBl'  *i-rr  qui  -^,        iu'. 

I:ix-- '.j^-ioo  «ri*  eon»K      .mioTi  ij'^^lPdcr  9100:  9a.'3   /.Jir-  r^^ifJ 

')IiK>rf«  e.'.'ola  *j:.v.'rir  rrti^il'.-ix  ri*^  ti  "o'^  c. 

HH  ,'jvn:"  is  coi   woXl  f?  rjityfiji  ©no  t^c  Y-i^-t'^'!^^*®'^®''^^ 

,^v«3  •„  •lt««T:  83©!  9tf  Mt/O'T  ftfiv+Ji.-.'s*  ixfgi:!  »rf.t 


2. 


to  be  used  for  power  as  i^ell  as  lighting  purposes, 

it  is  desirable  to  loiow  the  exaot  amount  of  variation  with 

the  different  wave  forms  and  its  effect  on  the  eyes. 

The  desire  of  the  authorr.  \7as  to  verify  or  disprove  the 

truth  of  the  above  theory,  and  to  determine  the  wave 

form  whioh  will  give  a  certain  mininun  variation  of  candle 

power.  In  order  to  secure  the  desired  data,  several 

special  pieces  of  apt)aratus  have  had  to  be  designed 

and  built  in  the  shops  of  the  institute. 
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— THE   APPARATUS — 
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THE  ROTATING  ARC. 


As  is  well  known  the  c&^bons  of  an  alternating 
current  arc  are  burned  off  square,  the  two  carbons 
being  irregijilarly  pitted  but  practioally  equidistant  at 
all  points,  and  the  arc,  instee.d  of  remainins  steady  in 
any  one  position  as  does  the  direct  current  arc, 
wanders  fron  point  to  point ,  seeding  always  the  path  of 
least  resistance.  This  causes  a  non  uniforr-i  distrioution 
of  the  light,  the  intensity  in  any  given  direction 
varying  greatly.  In  order  to  eliminate  the  effests  of 
this  wandering  and  to  secure  an  average  value  of  the 
light  emitted  the  arc  was  rotated  at  a  high  speed.  To 
do  this  a  special  forn  of  aro  larap  was  used,  shown 
in  Print  I. 

This  apparatus  was  designed  by  Prof.  J.  E.  Snov/, 
of  Armour  institute  of  Technology,  and  was  built  in  the 
Institute  shops  under  the  direction  of  Hr.  L.  A.  Soiamers 
A  wrought  iron  frane  A  supports  a  cast  iron  wheel  B, 
pivoted  at  its  center  to  A,  and  graduated  on  the  bacic 
90  each  way  from  the  vertical.  A  set  screw  C  holds 
this  firmly  in  any  desired  position.  The  arc  mechanism 
is  supported  on  this  wheel.  The  frame  D  is  cast  of 
white  metal.  The  carbon  holders  and  globe  support,  are 
mounted  on  a  rotating  shaft  E  driven  by  a  twisted  belt 
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fror.  a  motor  in  the  reor.  This  shaft  is  oontrolled  vert- 
ically by  tvro  collars,  one  on  eaoh  side  of  fork  G.  This 
forlc  is  movable  vettioally,  controlled  by  rack  and  pinion, 
operated  by  the  v/heel  H  ,  The  rack  is  fastened  in  any 
position  by  the  set  scre-nr  J.   There  ia  no  automatic 
arc  mechanism,  but  the  uoper  carbon  is  movable  and  is 
controlled  by  the  thumb  screw  ?,  which  raises  or  lov;ers 
a  steel  shaft  running  through  the  center  of  the  main 
shaft  E,  and  supports  the  cr.rbon  holder  at  its  lov;er  end. 
Another  globe  holler  K  is  provided,  adjusted  by  the  set 
screw  L , 

The  shaft  of  the  motor  and  the  arc  are  mounted  in 
line  TiTitli  the  center  of  the  supporting  wheel  B,  so 
that  the  arc  may  be  set  at  any  desired  angle  with  the 
vertical,  without  changing  the  position  of  the  arc  or 
changing  the  tension  in  the  belt. 

The  loT;er  carbon  is  supported  by  three  steel  straps 
arranged  so  as  to  cut  off  as  little  light  a:j  possible. 
These  straps  are  connected  electrically  to  the  long  collar 
M,  which  is  mechanically  fastened  to  E  by  hard  rubber 
insulation,  A  sliding  contact  is  made  with  this  by  the 
brush  11,  connected  electrically  to  the  binding  post  0, 
but  in3Ulat?d  from  the  rest  of  the  frame.  The  binding 
post  P  and  the  upper  carbon  supports  are  grounded  on 
the  frame,  completing  the  circuit. 
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THE  MAGNETIC    C0UPLIK3  MD  CONTACT   MAICER. 

A  Magnetic  coupling  and  contact  maker  was  designed 
and  built  by  J.  R,  Armstrong  and  H.  A.  Braslaares  of  the 
class  of  1905,  A.  I.  T.  It  proved  to  be  too  weak  both 
electrically  and  mechanically  and  was  remodeled  by 
the  authors  of  this  thesis.  It  is  shown  in  Prints  2,  3. 
4,  &  5.  The  coupling  consists  of  a  brass  disk  connected 
to  the  driver  by  a  single  projecting  tooth  enmeshed 
with  the  teeth  of  the  disk.  Of.  Print  2.   The  driver 
(Print  3,  Fig  I,)  is  pinned  to  a  shaft  which  is  directly 
oo^apled  to  a  synchronous  motor,  shown  in  frint  6.  Three 
brass  rings,  A,  B,  0,  Print  3,  are  insulated  from  the 
driver  by  a  hard  rubber  shell  G  and  from  each  other 
by  the  rubber  rings  D,  E,  F.   A  rubber  insulated  wire 
is  soldered  to  each  ring,  and  extends  through  holes 
drilled  for  that  purpose  through  the  driver  to  the  holes 
H,  J,  where  they  are  fastened  to  the  terminals  of  the 
electro  magnets  fitted  into  these  holes  as  shown  in 
Print  2. 

The  two  magnets  are  identical  in  construction. 
Each  is  composed  of  a  wrought  iron  core  Fig,  4,  wound 
with  594  turns  of  No.  28  B.&  S.  single  silk  covered  wire- 
66  t\irns  nine  layers  deep.  This  is  then  encased  in  a 
wrought  iron  shell,  Fig.  3.  A  wrought  iron  ring.  Fig.  5 
is  then  fitted  into  one  end,  and  a  brass  ring  of  the 
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sane  share  and  size, into  the  other  end.  We  thus  have  a 
magnet  of  the  horse  shoe  ty  -e  T70und  on  one  leg—  the 
magnetic  circuit  being  nade  through  the  core,  iron  ring, 
shell,  and  air  bade  to  the  core.  The  magnets  are  fastened 
to  the  driver  by  means  of  a  small  brass  piece,  Pig.  6, 
which  also  acts  as  the  support  for  the  magnet  armature, 
Pig,  2,  All  the  iron  v;^orK.  of  the  magnetic  circuit  is 
carefully  annealed  and  blued. 

In  the  bacl-c  of  the  driver  3.  slot  is  milled.  Into 
this  a  bar,  Pig.  13,  in  fastened  by  means  of  shoulder  screws 
so  that  the  bar  may  slide  freely.  In  holes  A,  and  B 
rods  are  fastened  vhioh  are  gripped  by  the  slot  8  of  the 
armature  piece.  These  rods  are  so  spaced  that  when  one 
armature  is  pulled  dov^n  by  the  magnet  the  other  is 
pulled  up  by  the  bar.  The  teeth  on  the  ends  of  this  bar 
©ngage  with  the  teeth  of  the  disk.  Pig.  7.  which  is 
pinned  to  a  shaft  coupled  to  the  shaft  of  the  flicker 
disks.  This  shaft  rotates  in  the  bearing  of  the  frame 
to  which  the  driver  is  fastened,  and  is  aligned  v:ith  the 
driver  shaft.  When  one  magnet  is  acting  its  armature 
pulls  the  bar  along  the  slot  causing  the  tooth  to 
engage  with  a  tooth  of  the  disk.  The  tooth  at  the  opposite 
end  of  the  bar,beirig  draTm  in  tOK-pjrd  the  center,  clears 
the  disk  teeth,  and  is  so  designed  as  to  be  directly 
opposite  a  tooth  of  the  disk.  Thus  rhen  the  other  magnet 
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Is  oper?ited,  this  tooth  will  fall  into  the  space  In 
the  direction  in  which  the  disk  is  pulling,  so  that 
the  disk  will  always  fall  hack  one  half  space,  no  natter 
which  direction  it  is  rotating.  At  the  same  tine  it 
is  inpossible  that  more  than  one  half  space  "be  advanced 
as  one  tooth  is  not  released  until  after  the  succeeding 
one  on  the  opposite  side  is  engaged,  provided  there  is 
no  time  when  neither  magnet  is  energised.  For  when  both 
armatures  are  free,  the  connecting  bar  and  teeth  act 
as  €Ui  escapement  driving  the  bar  back  and  forth.  This 
in  faot  is  the  normal  action  of  the  clutch,  the  magnets 
being  used  to  hold  the  bar  in  any  position  desired, 

A  means  of  simultaneously  energizing  one  magnet  and 
de-energizing  the  other  is  hal  in  a  specially  desired 
single  pole  double  throw  switch(  A,  Print  6.)  The 
blade  makes  contact  on  one  switch  just  before  breaking 
contact  with  the  other.  The  common  terminal  of  the  magnets 
is  permanently  connected  to  one  side  of  the  line. 
The  other  side  of  the  line  is  connected  to  the  permanent 
oontaot  of  tii*  switch.  The  outer  terminals  of  the 
magnets  are  connected  to  the  outer  tlips  of  the  switch. 
Thus  in  either  position  of  the  switch  one  magnet  is 
energized  and  the  other  dead,  7fhile  a  quick  throw  of 
the  blade  reverses  the  conditions.  In  reversing  the 
switch  there  is  a  brief  instant  when  both  magnets  are 


r^  ©ff^rfj  oi:&  cir.l  Ilr'  toot  nir.i   ,Jl>otrTooro  nt 

...:  CO   ^iJiiLltK[  oi  >:ctl>  e:U  .     :±  noJt^ttsTli)  eiU 

TSJdo.-  on  ,OfrtrTB  '^iTf  ono  :(cftcf  Ilctl  b^bttXb  Hit    .SBJ•^  t>r:i 

ii  fr.ti  w.*jS8  »fii  *A     mSiiiiBioi  mt  it  notiT-^''tt  ifotrfr 

i>ocnpvi)fi  e'-'  «o.rfrn  ^l«rt  ©no  nwl*  stoci  ^(wIJ  eXd^oecoi  rjt 

:rj:l^f«»9rrr;f!     .u   'xoJ'.'b  ItSiw  l>»BroX»rf  *o.t  oX  illoct  eix  v.p 

rlJod  ns't'T  TC*»  .horl'^i' -te  al  lenrpci  Teri^Xen  neuw  w.ili  on 

^ce  rfi©fil  l>nA  TBC  3«i;^c:  rnoo  erfj   .•••rt  ana  B'lTi/^prrr* 

Bl.'T  .riitr.!  ^^.^  ;'c>'ff  '"^v  i,.:t  nr^tvltb  ^a©n:©(TBOBo  na  ca 

R^onssrr  ©ii;   ^ilcJ-tflc  o;I;t   i     ':ot*vxj  l«viTor  erf*  al  Jo«"J  ni 

.^*•••ri8H^  rr i^iprxT  \r:i?  i't  tsc  orfJ"  lilorf  ol  ^e8l/  T,ni.ac 

i'OiT'.iRpf)  YlX^i^c^CP  f*  ni-  J    _      -  t-rrsno-el) 

erfT     (.O  lni:i*l   ,A    ,   citrrr  tto'^-   J  'iXtfj-oA  eXoT  »Lr\ntfi 

riiJtr':'"OTcf  GTo'*^*»cf  ^PX.t  r'c^  try  Jc/^inoo  os  a  .  oJbaXc 

B^©i<:.c;i  oAi  '10  Xflr.i  iio^  i.outtoo  en?  .le "!*':•  "vrfJ  ^Itr  f')»^rfoo 

,e;:iX  oili  ^o  ofcla  ^rrc  o*  r  »ct  a-t 

l.ionaiTocr  ariJ'  o*  iojcsfrnoc  ol  onJtX  anV  In  '^ia  "orT^o  orfT 

arf^  lo  olarrtTret  le^fo  CilT     .xfcJ-trr-  *'     1o  *o  iaoo 

,iiojl'\nB  Btli  10  uqXXt  totuc  etli  ot  Hict.  --.^  a^afr.anr 

bX  Jo::r,rw3  ano  .'o^Xra  erf^  Ic  nci^Xaocr  rrr.'iio  nl  etu-f? 

•^0  roiill  ^otc/p  a  e>j.ii.'-..'  ,X>nB6  Terfio  orV  mjb  i>6s\'"'nei 

crfl  rnXersvaT  nl     ,art';X*XMoc  ©rf*  ?'<pT©vf'"'  r^^i;'  b;:i 


/^K  intr     6 


ii      ''^^^Sfi 


9. 

energixed.  In  t'nis  case  the  armature  which  is  nearer 
itB  core  reoleves  much  the  stronger  pull,  so  that  there 
is  no  possibility  of  its  slipping. 

In  addition  to  acting  as  a  clutch,  the  disk  serves 
3.a   a  contact  rialcerCPig.  7),  As  shovm  in  Print  6,  a 
brush  A  makes  continuous  contact  on  a  brass  ring  B 
insulated  from  the  disk  and  to  which  is  soldered  an 
insiilated  wire.  The  other  end  of  this  wire  is  attached 
to  a  platinum  iridium  contact  in  a  vulcanized  rubber  ring 
B,  Print  2,  on  which  the  brush  A  makes  contact.  Thus 
it  is  seen  that  if  the  brushes  &re  connected  across  the 
A.  C.  circuit  a  current  will  flow  only  at  the  instant 
the  brush  k     and  the  platinum  iridiiim  point  make  contact. 
Hence  for  any  fixed  position  of  the  contact  point  on  the 
disk  relative  to  the  poles  of  the  motor,  one  certain  point 
on  the  E.  M.  p.  or  Current  curve  is  always  obtained  in 
the  contact  maker  circuit.  Now  by  shifting  the  relative 
position  of  this  contact  by  means  dif  the  action  of 
the  magnets  explained  above,  any  desired  point  on  the 
curve  is  obtained.  As  there  are  144  teeth  on  the  disk, 
the  pitch  of  the  teeth  is  2.5  mechanical  de^ees, 
or  for  a  six  pole  motor,  7.5  electrical  degrees. 
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THE  CURVE  TRACING  TABLE. 

The  value  of  the  E.  M.  P.  at  any  particular?  point 
on  the  curve  is  obtained  by  balancing  the  instantaneous 
E.  U.   F,  fi'oni  the  contact  maker  at  this  point  against 
a  known  E.  M.  P.  In  like  manner  the  instantaneous 
current  values  are  obtained  by  balancing  the  instantaneous  drop 
over  a  knovm  resistance  against  a  known  E.  11.  F.  The 
Curve  Tracing  Table ,  Print  7 ,  is  arranged  for  convenience 
in  doing  this. 

The  E.  K.  p.  leads  are  attached  at  B.  Since  the  voltage 
used  was  low  the  full  voltage  was  balanced  instead  of 
only  a  fraction,  as  is  more  customary.  The  current  leads 
are  attached  at  A;  the  storage  battery  at  E;  the 
contact  maker  at  CM.  The  switches  A  and  B  were  kept 
closed  throughout  a  run, 

TO  obtain  a  point  on  the  E.  M.  p.  wave,  S'pritoh  C 
was  thrown  to  the  left.  Switch  D  is  used  to  reverse 
the  battery  E.  H.  P.  When  the  key  K  is  pressed  a 
circuit  is  made  tlirough  the  contact  maker  and  galvanometer. 
When  the  instantaneous  E.  M.  p.  is  equal  and  opposite  to 
the  battery  E.  M.  P.,  controlled  by  the  potential 
rheostat  W,  the  galvanometer  needle  comes  to  rest  at 
the  zero  point.  The  value  of  this  instantaneous  E.  M.  F, 
is  measured  by  its  equivalent  shown  by  voltmeter  V. 
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A  point  on  the  current  wave  is  obtainecL  by 
throwing  switch  c  to  the  right,  when  the  Instantaneous 
drop  over  a  Icnown  resistance  R,  placed  in  series  with 
the  arc  lamp  is  balanced  against  the  battery  E.  H.  F, 
as  before.  The  value  of  the  resistance  R  was  1.088  ohms. 

THE  FLICKER  PHOTOl-IETER. 

Directly  coupled  to  the  oontact  nalcer  disk  is  a  tliree 
quarter  inch  shaft,  bearing  two  aluEinum  disks  (  B,  Print  8) 
20"  in  diaiaeter  and  3/32*  thick.  At  points  120* 
apart  on  these  disks  ere  slits,  2"  long  and  adjustable 
in  width.  These  slits  are  set  in  the  same  angular  position 
relative  to  the  shaft  in  the  two  disks.  The  arc  lamp 
to  be  tested  is  placed  behind  one  of  the  disks  (Print  I), 
and  the  standard  (A,  Print  8)  behind  the  other.  If 
nov/  these  disks  be  revolved  in  synchronism  with  the 
arc  lamp  E.  M,  F.»  since  the  synchronous  motor  is  six 
pole,  the  light  passing  froiii  the  arc  lamp  throu.^h  the 
slits  will  be  at  all  tines  that  corresponding  to  any 
desired  instantaneous  value  of  the  current.  Hence  by 
balancin^c:  the  light  of  the  arc  against  tliat  of  the  standard, 
by  means  of  the  Liimraer-Brodhun  screen,  we  have  the 
Instantaneous  candle  power  for  thst  value  of  the  current. 
By  changing  the  position  of  the  magnetic  coupling,  we 
change  the  position  of  the  disks  relative  to  the  synchronous 
motor  shaft,  and  at  the  san^e  tir.e  chang  the  position  of 
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the  contact  inaKer  exactly  the  sane  amount.  Thus  any 

desired  Instantaneous  value  of  the  current  and  corresponding 

candle  porrer  is  obtained. 

THE  STMIDARD. 

The  standard  of  candle  porrer  vtsls   a  50  0.  P.  head 
li.f^ht  incandescent,  with  carbon  filament  v/ound  in  a  close 
spiral,  and  was  used  with  the  point  of  the  spiral  toward 
the  screen,  as  the  intensity  is  greatest  in  this  direction. 
The  Luramer-Brodhun  screen,  which  was  of  the  regular 
pattern  and  needs  no  description,  w=s  kept  fixed  in  position 
40  cms.  from  the  standard  and  280  cus.  froiJi  the  arc. 
The  balancing  was  then  done  by  varying  the  intensity  of 
the  standard  with  a  rheostat.  The  standard  was  carefully- 
calibrated  in  the  position  used  at  various  voltages  so 
that  a  voltneter  acroee  the  larap  terminals  gave  accurate 
values  of  the  candle  porrer.  The  actual  candle  power 
corresponding  to  the  various  voltages  was  taicen  directly 
from  the  calibration  curve.  Print  9. 

in  balancing  the  intensities  considerable  difficulty 
was  experienced  from  the  "act  that  the  standard  gave 
yellow  light  and  the  arc  a  blueish  white  light.  In  this 
way  it  was  almost  impossible  to  obtain  an  exact  balance. 
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CALIBRATION  OP  THE  STANDARD  50  CANDLE 
POWER  INCANDESCENT  LAitP, 

Voltage         Candle  Poi^er,  (Heffner). 

75  8*S 

80  5*Z 

85  d.T 

90  II.6 

95  16,9 

100  25.1 

105  31.7 

IIO  47.8 

115  66.4 
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THE  SYNCHRONOUS  MOTOR. 

To  run  the  flicker  disks  and  contact  makeT  in 

synchronism  with  the  E.  M,  P.  wave,  a  small  six  pole 
synchronous  converter  was  used  as  a  synchronous  motor. 
This  afforded  a  ready  method  of  starting  slowly  so  as 
not  to  rack  the  magnetic  coupling.  By  means  of  a  starting 
box  and  rheostat  in  series  with  the  armature  the  machine 
was  started  up  from  the  direct  ou^rrent  end,  and  the 
acceleration  readily  controlled.  This  series  rheostat ,R,  Print  6 
combined  with  the  field  rheostat,  P,  enabled  us  to  secure 
any   desired  speed  as  a  D,  c,  motor.  The  taps  from  the 
winding  are  so  arranged  that  rings  I&3  or  2M  give  single 
phase  or  two  phase  current,  while  4,5&6  give  three  phase. 
We  attempted  to  run  the  motor  as  a  single  phaser  on  each 
of  the  single  phases,  but  for  some  unknown  reason  were 
unsuccessful.  The  motor  would  run  for  a  brief  time,  but 
would  hunt  badly  and  soon  fall  out  of  step.  Inductances 
and  other  makeshifts  proved  of  no  avail.  Finally  one 
of  the  three  phases  was  tried  and  this  solved  the  diffi- 
culty. The  motor  gave  no  trouble  at  all  throughout  the 
series  of  runs  when  the  single  phase  leads  were  connected 
to  tingB   4  &  6.  One  side  of  the  line  vvas  permanently 
connected  to  the  brush,  while  the  other  passed  tlirough 
the  switch  D,  across  which  were  connected  two  lamps  In 
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series  for  synchronizing.  One  D.  c.  line  was  also 
permanently  connected  to  the  brushes  through  a  switch 
on  the  back  of  the  motor.  The  other  side  passed  through 
the  starting  box,  resistance  and  single  pole  switch  P. 

It  was  found  in  practice  that  the  r.iagnets  on  the 
clutch  would  get  quite  hot  while  running,  so  that  as 
large  a  current  could  not  be  used  as  was  anticipated. 
They  were  designed  for  2  to  3  amperes,  but  it  was  found 
that  2   amperes  was  as  large  a  current  as  could  safely 
be  used  for  any  length  of  time.  Rheostats  were  used  to 
control  the  current—  the  resistance  of  the  magnets 
themselves,  2,8  ohms,  being  rather  small  for  a  IIO  volt 
circuit. 

In  starting,  the  switch  E  is  first  closed  ,  exciting 
one  of  the  magnets,  switch  P  is  closed,  and  with  all  the 
resistance  of  R  in  circuit,  the  motor  was  started 
by  the  starting  box.  By  cutting  out  R,  and  cutting  in 
P  the  speed  was  run  up  to  synclironism,  as  shown  by  the 
lamps.  At  the  appropriate  moment  D  was  closed  and  P  was 
opened.  The  connections  are  such  that  this  switch  opens 
the  armature  circuit  only,  leaving  the  fields  still  excited. 
The  field  circuit  can  be  brolcen  by  returning  the  handle 
of  the  starting  to  its  initial  position,  or  opening  the 
main  line  switch. 
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THE  EXPERII/IENT, 
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OPERATION. 

In  order  to  secure  the  wave  forms  desired,  ciirrent 
was  t alien  from  two  different  machines.  The  first  one 
used  was  an  IIOO  volt  single  phase  Westinghouse  alter- 
nator, giving  a  very  peaked  wave.  It  is  designed  to 
run  at  60  cycles,  tnit  the  speed  was  out  down  until  it, 
was  giving  only  40,  as  it  was  thought  the  candle  power 
variation  of  the  arc  would  be  too  small  at  the  higher 
frequency  to  give  good  results.  The  voltage  was  cut  down 
by  a  10  to  I  transformer,  and  the  alternator  field 
adjusted  to  give  77  volts  at  the  transformer  secondary. 

The  other  machine  used  was  a  Vl'estinghouse  IIO  volt 
alternator,  designed  for  single  phase,  quarter  phase  or 
three  phase,  giving  a  very  flat  topped  wave.  This 
machine  was  also  designed  for  60  cycles  but  was  cut  down 
to  give  40  cycles  and  the  fields  excited  to  give  77  volts. 
With  both  machines  it  was  necessary  to  greatly  over  excite 
the  fields  in  order  to  get  the  voltage  desired  at  the 
reduced  speed. 

During  a  run  the  arc  was  icept  as  near  as  possible 
at  10  amperes  and  50  volts.  These  values,  however,  as 
well  as  the  candle  power,  varied  so  greatly  and  so  rapidly 
that  it  was  very  difficult  to  secure  any  accurate  results. 
So  far  as  we  could  observe  the  rotating  of  the  arc  lessened 
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rather  than  inoreased  the  amount  of  variation.  The  only 
difficulty  in  securing  accurate  results  lay  in  this 
fluctuation  of  the  values  vre   were  trying  to  measure. 
The  mechanical  part  of  the  curve  tracing  woriced  smoothly. 
But  with  the  effective  volues  of  the  current  and  candle  . 
power  constantly  fluctuating,  accuracy  in  procuring 
instantaneous  values  vras  difficult  to  secure.  The  candle 
power  seemed  to  fluctuate  without  cause,  noticably  different 
intensities  being  secured  with  constant  current  and  voltage. 
For  this  reason  it  was  necessary  to  take  a  number  of  readings 
at  each  point ,  especially  of  the  candle  power. 
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19. 
DATA  FRO?,!  A  PEAKED  E.    M.    P.    WAVE  FOM. 

lleo.  Degrees       Volts  Current                 Av.  Current 

0.0  17.5  -10.        -II. 9  -II. 

7,5  23.5  0.             0.  0. 

15.0  30.  8.2          9,2  8.7 

22.5  38.  13. I  13.5  13.3 

30.0  45.  17.0  18.  17.5 

37.5  55,  21.4  20.  20.7 

45.0  86.  19.7  18.3  19. 

52.5  lOI.  14.2  15.  14.6 

60.0  95.  16.0  16.  IS. 

67.5  80.  18.9  17. 1  18. 

75.0  77.  18.4  18,6  13.5 

82.5  55.  19.5  13.5  13. 1 

90.0  41.  19. 1  19.9  19.5 

97.5  34.  18.7  19,3  19.2 

105,0  31.  17.5  17.5  17.3 

112,5  27.  13.8  13,4  13.6 

120.0  24.  9.0          9,8  9.4 

127.5  18.  7.6          6.2  .6.8 

135,0  11.5  9.5          8.5  9. 

142,5  8.5  9. a         9.  9. 

150.0  5.  6.1          7,4  6.7 

157.5  0.  5.            4.6  4.8 

165,  -8,  S.             S,6  3,3 

172.5  -19.5  2.7           2,9  2.Q 

ISO  -20,5  .6             .4  .5 
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DATA  PROM  A  PEAKED  E.  M.  F. 

Eleo.  Deg,   Standard  Lamp  Average 

Voltage.  Voltage. 

0.  102.8  104.  103. I  103.3 

7,5  103. I  103.2  103.8  103.5 

15.0  104.0  104,6  105.0  104.5 

22.5  103.0  104.5  105.0  104. I 

33.0  105.0  107.0  105.3  105.4 

37.5  106.  106.3  105.8  105.8 

45  104. I  104.0  104.8  104.3 

52.5  105.0  106.0  106.2  105.8 

60.  106.8  105.0  104.7  105.4 

67.5  104.0  105.0  105.9  104.9 

75.0  104.5  105.0  103.0  104.5 

82.5  104.0  104.2  104.0  104.0 

90.0  104.0  II05.0  104.5  104.5 

97.5  103.0  103.0  105.0  103.6 

105.0  104.0  104.3  I0«.0  104.4 

II2.5  99.0  99.8  104.0  I0I.7 

120.0  100. 0  lOI.O  99.0  100,0 

127.5  103,0  103.5  105.0  103,8 

135.0  104,0  104.5  105.0  104.5 

142.5  102.0  102.6  104.0  102.8 

150.0  98.0  99.8  99,0  99.1 

157,5  105.0  104.0  104.6  104.5 

165,0  104.0  105.0  105,0  104.6 

172.5  104.0  103.5  104.0  103.8 

180,0  105,0  104.0  107.0  105.0 
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DATA  PROM  A  PLAT  TOPPED  E.  M,  P.  WAVE  FORM. 


Eleo.De^ees 

Volts 

Cxxrrent 

Av.  Oun 

0.0 

0.0 
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AVE   POEM. 

Elec  Deg. 

Standard  Lamp 
Voltage. 

Average 
Voltage 

Standard 
C.   P. 

Aro 
C.   P. 

0.0 

100. 0 

lOI.O 

99.0 

100. 0 

25.5 

1250 
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99. 

98. 

99.3 

24.5 
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CONCLUSIONS. 

The  curves  secured  show  that  the  totla  variation 
of  candle  power  is  less  than  we  had  expected.  At  40 
cycles  the  flickering  of  the  light  is  plainly  visible 
to  the  eye  thoiigh  not  to  a  disagreeable  extent.  The 
amount  of  this  variation  is  shown  by  our  results  to 
be  about  fifty  percent  of  the  maxinam,  so  far  as  our 
results  show,  the  cfliape  of  the  E.  M.  P.  wave  form  has 
no  appreciable  affect  on  the  amount  of  variation  of 
candle  power.   As  would  naturally  be  expected  the 
maximum  candle  power  coincides  almost  exactly  in  phase 
with  the  maximum  current.   The  curves  also  show  that  the 
inductance  in  circuit  was  about  normal,  as  the  cxirrent 
lag  closely  corresponds  to  that  in  aros  with  automatic 
feed  devices. 

No  runs  were  made  at  60  cycles,  the  commercial 
frequency  most  used  for  lighting.  The  variation  would 
probably  be  of  the  same  nature  but  of  less  degree.  We 
regret  that  time  was  lacking  to  malce  further  tests  of  such 
a  nature. 

We  wish  to  ex±end  our  thanks  to  Profs,  0.  £.  Freeman 
and  J.  E.  snow  for  their  valuable  suggestions  in  both 
design  and  operation  of  the  apparatus:  and  to  Mr.  L.  A. 
Sommer  for  his  assistance  in  the  construction  of  the 
magnetic  clutch. 
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